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Christensen Appendix 1
A Comparison of BLS and Christensen
Total Factor Productivity Methods?®

BLS and Christensen compute total factor productivity as the ratio of
total output to total input. Total output inciudes all services provided
by the telephone local exchange carriers: local service, long distance
service, intrastate access service, interstate access service, and

miscellaneous services. Total input includes all inputs used by th‘e
| |
materials, rents, and services (hereafter referred to as materials).

local exchange carriers: capital (plant and equipment), labor, and

BLS and Christensen compute total oytput using economic indexing
techniques. The economic indexing technique involves computing
quantity indexes for each of the services provided by the local
exchange carriers. The quantity index for each of the services is
computed by dividing revenue by a price index for that service. The
economic indexing technique then “aggregates” these quantity
indexes to an index of total output. The total output index is
obtained by computing a weighted average of the growth rates for

each service, where the weights are based on revenue shares.

BLS and Christensen, compute iotal input using economic indexing
techniques. Quantity indexes are computed for capital, labor and

materials. The economic indexing technique then aggregates these

2 BLS methods are described in: U.S. Department fyligtin of Labor, Buresu of Labor
Statistics, Trends in Multifagtor Productivity, 1948-81, Bulletin 2178, September 1983:
U.S. Department of Labor, Buresu of Labor Statistics, “Multifactor Productivity Measures,
1981 and 1992, USDL 94-327, July 11, 1994; and U.S. Department of Labor, Bureau of

Labor Statistics. Labor Comnoaition and LS, Productivity Growth, 1948-90, Bulletin 2428,
December 1993.
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quantity indexes to an index of total input. The total input index is
obtained by computing a weighted average of the growth rates for

capital, labor, and materials, where weights are based on cost shares. )

BLS and Christensen ct;mputa the quantity index of capital and capital
cost in similar ways. Both BLS and Christensen compute the quantity
of capital using the “perpetual inventory method.” The perpetual
inventory method baseg the quantity of capital on the cost of plant
and equipment added in previous years, adjusted for changes in the
prices paid for plant and equipment over time and declines in
efficiency of plant and equipment as it ages. BLS and Christensen
compute capita! cost using a “rental price equation.” The rental price
equation bases capital cost on taxes, economic depreciation, capital

gains, and the cost of capital.

BLS and Christensen compute the quantity index of {abor and labor
cost in simifar ways. The quantity index of labor is based on direct
measures such as employees or hours worked. Labor cost is based

on wages, salaries, and benefits paid to employees.

BLS and Christensen compute the quantity index of materials and
materials cost in similar ways. Materials costs are based on company
expenditures for these items. The materials quantity index is

calculated by dividing cost by a price index for those services.

-~ .
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Christensen Appendix 2
Construction of Price Indexes for Local, Long Distance,
and Intrastate Access Services

The formula used to compute price indexes for focal, long distance,
and intrastate access services is an approximation to the chain-linked

Paasche price index. The chain-linked Paasche price index has the form:

P.-Q
p _ Fw

= (1)
PI-I ZPLt-I -Q jt
i

where P, is the price of service j in time period t and Q; is the quantity of
that service provided. Diewert has shown that the chain-linked Paasche
price index provides results that are quite similar to those obtained using
superiative price indexes and that the chain-linked Paasche price index is
superior to the fixed weight Paasche and Laspeyres price indexes.2*

The computational procedure relies on the information on rate
changes found in the Form M. The Form M reports the estimated change in
revenue resulting from the rate changes. The change in revenue is obtained

by pricing out a reference volume of service at the old and new rates, or:

At=?(Plt —P“‘") -Ql . (2)

i

where Q is the reference volume for service j. The basic formula used in

constructing the local, long distance, and intrastate access price indexes is:

4 W.E. Diewert, “Superiative index Numbers and Consistency in Aggregation,”
Economatrica, Vol. 48, No. 4, July 1978, pp. 884-9800.
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p Zle'ujl

| - ]

Por 2P, -0, —A

t=1 j it jt t (3)
- R!

“R,-A,

where R, is total revenue in year t. If X(P,, -P,,_,)-Q; equais
i
2P, —P,.-y) - @, then equation (3) is equivalent to equation (1).
i

The reference volumes used to calculate the revenue impact of rate
changes are generally forecasted volumes, and will not necessarily equal
actual volumes. Let the revenue change calculated from the actual volume
level instead of the reference volume level be equal to (1 +¢)-A. The
percentage difference in the price index derived from equation (3} and the

chain-linked Paasche price index is given by the formula:

'"(1 - Rf ;Ati .) |

If, for example, total revenue in year t is $1 billion, the calculated change in

revenue due to rate changes in that year is $30 million (three percent of
total revenue), and if € equals .05 (that is the change in revenue from rate
changes, when calculated at actual volume levels, is $31.5 rhillion), then the
percentage difference between the chain-linked Paasche price index and the
index derived from (3) is -.15%. If & equais -.05, then the difference is
+.15%.

The calculated change in revenue due to rate changes is reported on an

annual basis. In other words, it reflects the impact on revenus for the
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twelve month period following the rate change. If the rate change occurs at
the beginning of the year, the full impact of the rate change will be seen in
that year. If the rate change occurs mid-year, however, part of the impact
will be observed during the current year, with the remainder of the impact
being observed in the following year. This implies that the index formula in
equation (3) must be generalized to account for mid-year rate changes. In
the generalized version of (3), A is replaced by the impact of current year
rate changes on current year revenue pius the impact of previous year rate
changes on current year revenue. The generalized formula is:

P, R,

- | (@
Px-l ﬂ' _Et ""Ft

where E is the impact of current year rate changes on current year revenue
and F is the impact of previous year rate changes on current year revenue
(the carryover of previous year rate changes). The carryover of previous
year rate changes is equal to the difference between A and E for the
previous year, muitiplied by the growth in total revenue between the
previous year and the current year (in order to incorporate the impact of

volume growth on the magnitude of the rate changes).

,,P‘, =1 a : (5)
-1 R, -E, —(A_ ~E - %‘
Adijusting the Price Index for Net Credits. Finally, an adjustment must

be made to the price index in order to account for any net credits paid from
the LEC to its customers. If we define B, to be revenue before net credits,
then B, is equal to

37



12/14/55 16:88 MEDIATEL FAX SERVICE->U S WEST/Judy Brunsting DEC 14 ’95 ©4:33FEM
12/14/95 THU 17:07 FAX 608 231 2108 CHRISTENSEN ASSO @o1s

Z(Pic _P'u-l} -0 it =P,-0Q,
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where Q, is the aggregate quantity index of telephone services. In order to
calculate the quantity index Q, from booked revenue after credits, one must

adjust equation (5):

L';L = PI . R![(Rt"c')
Pt-1 Pl—! Rt-ll(nt—l_ct-l)

Rt i R|’(Hg—c‘)
Rr—Ex"(Atq'Et-l)'R‘R Rl"”Rt-1—ct-l)

t=1

-
e

where C, is net credits in year t. This is the formula actually used to
ampute local, long distance, and intrastate access price indexes. Below

we provide a numerical example of this computation.

Exhibit A-1 provides sample calculations for both a rate increase.
Revenue is $9,100 in year t-1 and $10,000 in year t. The year t rate
increase occurs on July 1'; the annual revenue change is $400. In year t-1
there was a rate change on June 5, with an annual revenue impact of $400.
Since the year t rate change occurs halfway through the year, its impact on
year t revenue is $200 ( 0.5 * $400). The remaining $200 of the year t
rate change will become a carryover in year t+ 1. The rate Vchange in year t-
1 was effective for 57.5% of that year, producing a $230 (i.e., 0.575 *
$400) revenue impact in year t-1. The leaves a carryover of $186.81 (=
{8400 - $230)*($10,000/%9,100)) to be accounted for in year t. (Net
credits in both t-1 and t are assumed to be $300.)

Once the change in price level is computed for each year of the
study, an index of annual rate levels cam be computed by initializing the
index at 1.0 in the chosen base year. The index level for each subsequent
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year is based on the percentage change in the price ievel for that year over

the previous year.

Table A2.1
SAMPLE RATE INDEX CALCULATION
(a) Revenue for year t, R(t) $10,000.00
(b) Revenue for year t-1, R{t-1) $9,100.00
{c) R{t)/R(t-1) 1.0989
(d) Rate change in year t-1, A(t-1) $400.00
(e) Date of year t-1 rate change ‘ June 5
(f) Effactive in year t-1 revenus, E(t-1) (.575-d) $230.00
(g) Carryover in year t, ((d - e)-c) $186.81
(h) Rate change in year t, A(t) ‘ $400.00
{l) Date of year t rate change July 1
(j) Effective in year t revenue, E(t) {.5-h) $200.00
(k) Year t revenue net of rate changes (a- g - j) $9,613.19
(I) Year t-1 credits, C{t-1) | $300.00
{m) Year t credits, C(t) ’ $300.00
(n) Adjustment for nat credits (a/(a-m))/(b/(b-l)) .9969
(o) Change in price index ((a)/(k)-(n)) 1.0371
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Christensen Appendix 3
Response to Appendix F:
The Appropriate Data Set to Use in
Analyzing Telephone Industry Iinput Prices

Laurits R. Christensen, Philip E. Schoech
and Mark E. Meitzen
Christensen Associates
December 18, 1995
In Appendix F of the FCC's First Report and Order in CC Docket No.
94-1, FCC staff members, C. Anthony Bush and Mark Uretsky consider
whether short-run or long run input price data should be used to forecast
the future trend in input prices.25 They tentatively concluded that the short-
term input price growth differential measured over the post-divestiture
period, 1984-1992, represented a structural shift in the input price
differential and should be used to forecast future input prices for the
purposes of setting a price cap X factor. However, they do ¥ .ly
consider the evidence placed on the record.
In particular, they do not fully evaluate a USTA gx pzrte placed on the
record on February 1, 1995 in which Dr. Laurits R. Christensen
demonstrates that there is no statistical validity to the claim that there has

been a structural change in the relationship between telephone industry and

U.S. economy input prices (hereafter referred to as the “Christansen input

= c Anthony Bush and Mcrk Unuky 'Input Prieu and Total Factor Productivity,” In_ the Matter
‘ 2 G40 QINE Ryiaw fof - ge Carmiers. First Report and Order, CC
Doeket 94-1 FCO 95-132 (erch 30. 1995) Appondlx F.
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price affidavit”).?® Bush and Uretsky stated that the Christensen input price
affidavit was not given full consideration because of differences in the input
price data series used in the affidavit and input price data used by NERA in
this proceeding:27
Christensen’s time-series is compietely diffarent from NERA’s,
although both are based on data from various studies by Christensen.
Christensen has provided no justification for using a different version
of the LEC input price series for the period 1960-1984 than NERA’s
version. Further, Christensen provides no justification for using a
different beginning date for the series than NERA (1949 instead of

1960). Because of thase discrepancies, we cannot accept
Christensen’s conclusion that the input price differential is zero.

“Christensen” versus “NERA” data. As explained in the Christensen

input price affidavit, the data used in the affidavit come primarily from the
study of tﬁe Bell System total factor productivity and the USTA LEC study,
both performed by Dr. Christensen. The Bell System study covers the 1949-
1979 period, and the USTA LEC study covers the 1984-1992 period. The
1980-1984 period uses data from a Bell Communications Research
(Bellcore) report (1980-1982) and the study relied upon by NERA (1983-

1984).22 The methods used in the Bell System and Bellcore studies are the

“An Input Price Adjustment Would Be an inappropriate Addition to the LEC Price Cap
Formuia,” Affidavit of Dr. Laurits R. Christensen filed on behalf of the United States Telephone
Association, CC Docket 94-1, February 1, 1995,

;’ Bush and Uretsky, p. 13.

In particular, telephone industry input prices come from the Bell System study for the 1948-
1979 period and the USTA LEC study for the 1984-1992 period. Telephone industry data for the
1980-1982 period come from Bell Communications Special Report SR-FAD-000552 (May 1987),
and, for the 1983-1884 period, L.R. Christensen “Total Factor Productivity Growth in the U.S.
Telecommunications industry and the U.8. Economy, 1851-1887," Schedule 3 to Direct .
Testimony, Case No. PU-2320-80-149, North Dakota Public Service Commission, 1990.
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same as those empioyed in the Christensen LEC study for USTA. As
described below, the study relied upon by NERA employs some
simplifications relative to the other three studies, making its input price
results not directly comparable to the other three studies. However, it is the
only data set available for the 1983-1984 period. Minimizing its use to only
two vears and relying on the Bell System, Bellcore, and USTA studies for
the vast majority of the observations provides the most theoretically
consistent telephone input price time series available.?®

It is important to understand that the Christensen ;:Iz;ta used by NERA
for the pre-1984 period come from a study conducted by Dr. Christensen in
connection with his 1990 testimony for U.S. West in North Dakota.>® The
study filed in North Dakota was designed to approximate Dr. Christensen’s
more in-depth TFP studies. Unlike his other more detailed studies of the
telephone industry, this study relied on aggregate teleacommunications
industry data from Bureau of Economic Analysis (BEA) publications
(hereafter, this study is referred to as the “telecommunicéﬁdns industry”
study).

One of the major differences between the telecommunications
industry study filed in North Dakota and the more comprehensive studies,

such as the LEC study for USTA and the Bell System study, is the

® In a March 21, 1995 ax parte, USTA explsined the sources of the U.S. input price
gumhm and why they may differ between the “Christensen” and “NERA”" data sets.

Direct Testimony of Laurits R. Christenasn, North Dakota Public Seivice Commission Case
No. PU-2320-90-148, October 1, 1880, Scheduls 3.
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measurement of capital. The telecommunications industfy study does not
measure the value of capital with the Christensen-Jorgense‘n methodolog
as the other studies do, but measures it as the residual of gross national .r
product originating in the telecommunications industry less labor i
compensation in the telecommunications industry. In effect, this measures
the value of capital as revenue less labor and materials cost. Therefore,
when the telecommunications industry study filed in North Dakota is used
for the pre-1984 period and the USTA LEC study is used for the post-1984
period, there is a notable lack of correspondence between the methods used

to measure capital input prices for the pre-1984 and post-1984 periods.”

This mismatch creates an artificial difference in observed pre- and post-

1984 input prices.

This mismatch has a minimal impact on TFP results. Howaever, the
telecommunications industry study data set does not exhil;ait the same |
pattern of input price growth, particularly with respect to capital, as the Bell
System input price data set. Specifically, the telecommunications industry
study data set does not fully reflect the large increases in capital input
prices in the late 1970's and early 1980’s when interest rates were rising.
This is illustrated in Charts 1 through 3, which compare the input price data

from the Bell System and Belicore studies to the telecommunications

% The “NERA data” cited by Bush and Uretsky in Appendix F used the simplified study for
the pre-1884 period and the Christensen LEC study commissioned by the USTA for the
post-1884 period.
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industry study for the 1959 to 1982 period.32 Chart 1 shows the growth in
total input price for the two data sets between 1959 and 1982. Total
telephone input price grew at an annual average rate of 5.8 percent in the
Bell System/Bellcore data and 5.2 percent in the telecommunications
industry study data. Chart 1 illustrates that the price of total input was
much more volatile in the Bell System and Bellcore data.. The standard
deviation of total input price growth over the 1959-1982 period was .0423
in the Bell System/Belicore data versus .0241 in the telecqmmunications

|

changes in capital input prices in the Bell System/Bellcore data reiative to

industry study data. Chart 2 shows that this was primarily due to the

the telecommunications industry study data. Capital input price grew at' an
annual average of 4.3 percent in the Bell System/Belicore data and 2.8
percent in the telecommunications industry study data. Tﬁe Bell

System/Bellcore capital input price data was aiso much more volatile, th a
standard deviation of .0654 versus .0305 for the telecommunications
industry study data. Chart 3 illustrates that the difference in overail iint
price growth between the Bell System/Belicore data and telecommunicatjons

industry study data are clearly driven by the differences in capital input price

growth.

% The first observed growth rats for the 1959 to 1982 period occurs in 1960--i.e., the
growth in 1960 over 1969. Thersfore, the first data point in Charts 4 and 5 is 1960.
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Chart 1
Comparison of Total lnput Prics:
20% Bell System Study v. Telecommunications industry Study

Comparison of Capital input Price: :
20% Bell System Study v. Telecommunications industry Study ! |
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In summary, the long-term input price data series found in the
Christensen input price affidavit, comprised primarily of results from
Christensen’s Bell System study and Christensen’s USTA LEC study,
represents the most methodologicaily consistent series over time. Thisjdata
series is clearly superior to the one that uses the telecommunications
industry study for the pre-1984 period. Moreover, any statistical analysis
using the series with the telecommunications industry study data will

produca results that show differences in the pre- and post-1984 input price .
i

relationships simply due to the different methodologies used to generate the
Rra- and post-1984 input price series. The Bell System/USTA LEC data

series represents the most consistent series and, therefore, it is the most.
appropriate for testing the input price differential. It also means that the
Christensen input price affidavit cannot be dismissed on the grounds that it
uses different and, supposedly, inferior data: full weight n‘eeds to be given
to the Christensen input price affiggvit in considering whether the X factor
should inclu&e an input price differential. |
.thmnmn_lnnux_ﬂﬂg_e_Amy:y& Given that the 1949-1992 data
used in the Christensen input price affidavit represents the most consistent
series over time, it is important to restate the major findings of the affidavit.
The February 1, 1995 affidavit concluded that, over the 1948 to 1992 period,
input prices for the U.S. economy and the telephone industry grew at the
essentially same rate. Over this period, input prices grew at an average annual |

rate of 4.75 percent for the U.S. economy and 4.70 percent for telephone
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companies. Statistical tests found there was no evidence that the input price
trends differ for the telephone industry and the U.S. economy for the fuil 1948-
1992 period. It is extremely important to note that the same conclusion holds for
the 1948-1984 and 1984-1992 subperiods.

This means that any observed short-term differences in input price growth
do not represent a difference in the underlying trends of input prices. The
volatility of this series is so great that observed differences cannot be
statistically distinguished from a difference of zero. This also means there is no
statistical basis for 'using an observed short-run differential as a projectioh of
expected future trends. This is illustrated in Charts 4 through 6.%°

Chart 4 illustrates that the long-term average growth rates of telephone
industry and U.S. economy input prices is essentially ident.ical, resulting in a
long-term differential of only 0.05%. Chart 5 shows the long-term differential
and the annual values of the differential. It can be seen that there is substantial
variability of the annual values around this long-term trend. Chart 6 illustrates
that there was a great deal of annual volatility in the 1984-1992 input brice
growth differ:ential. Annual values of the differential réhgé from -7.8% to

+7.7% during this period.

= The first observed growth rate for the 1948 to 1992 period occurs in 1949--i.e., the
growth in 1949 over 1948. Therefore, the first data point in Charts 4 and 5 is 1948.
SI:uuaﬂy, in Chart 8, the first observed growth rate for the 1984 to 1982 period occurs in
1986. teo
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Chart 4
Average Tolephone industry and U.S. Economy input Price Growth,
1948 - 1992
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The volatility of this series is so great that observed differences cannot|be

statistically distinguished from a difference of zero, meaning there is'no
statistical basis for using an observed short-run input price growth differential as
a projection of expected future trends. '

it is evident from Chart § that using the 1984-1992 differential as a DJBIS
for projection selectively chooses the only subperiod in the series where !}he
differential was less than zero for a number of yaars. Events since 1989 indi l te
the differential has resumed its long-term pattern of random, volatile deviati?ns
around zero. The events producing the observed 1984-1988 input price
differential are not likely to repeat themselves going forward. From 1984ito
1992 the LEC measured capital input price rose slower than the measured
capital input price for the U.S. economy, and the LEC iabér input price rose
faster than the labor input price for the U.S. economy. Bﬁt neither éf thgse
differences can be properly construed as a change in IonQ-ierm trends. Ap 1
discuss below, because they cannot be expected to continue, they cannot folrm
the basis for a forward-looking reguiatory policy. |

in particular, the short-term difference in measured capital inpult pﬁqes
reflects the fact that measured LEC capital input prices put‘ a much !arg}:er
waeight on interest tafes than measured U.S. capital input prices, and the f;ct
that up until 1993 the post-divestiture period has been a time of declinihg
interest rates. The USTA study of LEC productivity gréﬁh used Moody's

composite vield for public utility bonds as a proxy for the opportunity cost pf
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capital for all LECs.>* This yield fell from 14.03% in 1984 to 7.56% in 1993.
It had risen to an average of 8.3% in 1994. Subsequently interest rates have
declined somewhat from 8.3%, but it is very unlikely that the U.S. economy
will soon experience another period of prolonged interest rate declines of the
magnitude experienced between 1984 and 1993.

Because short-term differences in one direction tend to be offset by
subsequent short-term differences in the other direction, the inclusion of an
input price growth differential term in the price cap offset based on recerlt
short-term fluctuations in input prices is likely to be in the wrong direction. ‘
Therefore, the best estimate of the expected input price growih differential is
given by the long-term differential of zero, not a projection of tﬁe 1984-1992
differential. - ' ‘

Jeats for the 1959-1992 peried. In addition to using a different data se“,
the other concern raised by Bush and Uretsky regarding the Christensen input
price affidavit was that the data began in 1948 versus 1989 for the “NERA”
data. Therefore, statistical tests were performed on the “Christensen” data set
over the 1959-1992 period to demonstrate that the inclusion of the 1948—1 959
period did not bias the test results presented in the Christensen input pfice

affidavit.

%Since the yieid on public utility bonds refiects the cost of debt, but not equity, and since
the cost of equity is typically higher than the cost of debt, this proxy will tand to underatate
the full opportunity cost of capital to the LECs. Moreover, since the cost of debt has
recently fallen reiative to the cost of equity, this proxy has declined relative to the tull
opportunity cost of capital to the LECs. ‘
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Over the 1959-1992 period, telephone input prices grew at an annual
average of 4.9 percent versus 5.2 percent for the entire U.S. economy. Thown
in Table A3.1 below are the statistical tests of the hypothesis that the trend in
input price growth for the telephone industry equals the trend in input price
growth for the entire U.S. economy for the 1959-1992, 1959-1984, and 1984~

1992 periods.3%

Table A3.1
Statistical Test of Hypothesis That input Price Differential is Zero
1969-1992 ’
Time Period T-Statistic Critical Value
1950-1992 ' 0.40 2.04
1980-1984 0.41 2.08
1984-1982 1.30 2.38

As with the resuits presented in the Christensen input price affidavit for
the 1948-1992 period, there is no statistical evidence that telephone industry
and U.S. economy input price growth trends differ over the 1959-1992 period.

Therefore, inclusion of the 1948-1959 period in the “Christensen” data set did

not bias the resulits.

3 For each time period, the first cbsarvad growth rate occurs in the second year of the
period—i.s., the first growth rate for the 1959-1992 period is 1960.

51
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Conclusion
Pre-1984 telephone industry input price dat'a' based on the
telacommunications industry study filed in Dr. Christensen’'s North Dakoia
testimony uses a different method for measuring capital input prices than his
more detailed telephone industry TFP studies. Therefore, when using the
combination of the telecommunications industry study for the pre-1984 period
and the USTA LEC study for tha post-1984 period (as in the “NERA” data), any
observed differancas in the input price differential could just as well be attributed
to the different methodologies as to a “real” difference due to a “structural”
' change in the telephone industry/U.S. economy input price relationship. is
renders the Bush-Uretsky results based on the “NERA” data meaningless. n‘
The input price data set used in the Christensen inpui brice affidavit is the
most methodologically consistent and, thus, the most approprlate for measunrlg
the relationship between telephone industry and U.S. economy input price
trends. The affidavit demonstrated that there was no statistical evidence that
input price trends differ for the telephone industry and the U.S. economy for tbL
full 1948-1992 period, or for the 1948-1984 and 1984-1992 pariods. Moreover,
it has been demonstrated here that there is no statistical evidence that inpyt

price trends differ for the 1959-1992 or 1959-1984 periods.

This means that any observed short-term differences in input price grow}ﬂ
do not represent a difference in the underlying trends of input prices. In
particular, there is no statistical basis for using the 1984-1 992 differential as a

basis for projecting a differential for 1996 and beyond. Not only does this
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represent the selective choice of the only subpericd in the series where the
differential was less than zero for a number of years, but the volatility of the
series is so great that observed differences cannot be statistically distinguished

from a difference of zero.




ATTACHMENT 2



ECONOMIC EVALUATION OF SELECTED ISSUES
FROM THE FOURTH FURTHER NOTICE OF
PROPOSED RULEMAKING IN THE

LEC PRICE CAP PERFORMANCE REVIEW

National Economic Research Associates, Inc.
One Main Street 4
Cambridge, Massachusetts 02142

December 18'995



12/15/95 B86:26 MEDIATEL FAX SERVICE->U S WEST/Judy Brunsting DEC 15 95 @7:13aM
. DEC 15 ’SS @9:24 usTA o ‘ 3% PO3

TABLE OF CONTENTS
L BACKGROUND AND SUMMARY . .......¢c.itectenneercnaanenncnansns ceesen 1
II. LEC INPUT PRICES GROW AT THE SAME RATE AS U.S. INPUT PRICES.............. 2
A. THE LONG-TERM TREND OF THE INPUT PRICE DIFFERENTIAL IS ZERO .. ........c.ctienememninannnn 3
B. THE INPUT PRICE DIFFERENTIAL DID NOT CHANGE PERMANENTLY AT DIVESTTTURE .......... e e 6
C. ERRORS IN MEASURING INPUT PRICE AND TFP GROWTH DO NOT CANCEL OUT . ...........c.0iv.ivnn 10
. PRODUCTIVITY GROWTH CANNOT BE MEASURED FOR SUBSETS OF SERVICES ..... 14
A. PRODUCTIVITY GROWTH CANNOT BE MEASURED SEPARATELY FOR INTERSTATE SERVICES ... ......... 15
1. Separabilisy imposes restrictions on the production process for a multiproduct firm that do not hold for
telecommunications techmologies. . . . . ... ... ... ... .. i e e e 16
2. Jurisdictional separazions do not provide a basis for productivisy analysis . . . .. ... ........ ..., 17
3. Different output growth rases for differem: services do not imply differen: productivity or unit cost
CRARGES. . . . e e e e e it e e e 20
B. PRoODUCTIVITY GROWTH CANNOT BE MEASURED INDEPENDEhnY FOR REGULATED AND
NONREBGULATED SERVICES PRODUCED USING COMMON FACILITIES: . . . . ... . ... ... .iiirnnnanncns, 21
IV. THE HISTORICAL REVENUE METHOD SHOULD NOT BE USED TO SET A
PRODUCTIVITY TARGET ............ Cevesecss ittt res e encana ceceemaannans 23
A. PRODUCTIVITY INCENTIVES . ...............c-... e e e e e 23
B. Comp2RISON OF X FACTORS FROM TFP AND HISTORICAL REVENUBEMETHODS . . . .............c...0n 27
V. THE HISTORICAL PRICE METHOD IS THE DUALOF THE TFPMETHOD ............ 2

VI. THE CONSUMER PRODUCTIVITY DIVIDEND .........c.00ueeeounnnn erme e 33
VILCONCLUSION ... ...ccitetnennrococtsonssossasasssnssnaunssasas PSRN .33



12/715/95 86:27 MEDIATEL FAX SERVICE->U S WEST/Judy Brunsting

DEC 15 'S5 89:25 USTA 396 PB4

/

ECONOMIC EVALUATION OF SELECTED ISSUES
FROM THE FOURTH FURTHER NOTICE
OF PROPOSED RULEMAKING IN THE LEC PRICE CAP
PERFORMANCE REVIEW

I. BACKGROUND AND SUMMARY

The Fourth Further Notice of Proposed Rulemaking (FFN) solicited com
regarding methods to establish a long-term price cap plan for the local exchange
(LEC) industry. This paper addresses four issues: (i) trends in LEC input prices
direct measurement of LEC’s unit costs (Y57 and {61); (ii) the measurement of
productivity growths for interstate, intrastate, regulated and nonregulated services, ¢1

and §70); (iii) AT&T s Historical Revenue (180-83 and 88-89) and (iv) the consum
productivity dividend (§ 94-95).

In general, we find that post-divestiture point estimates of the difference
LEC and U.S. industry input price growth rates are unreliable. Measures of LEC
productivity growth relative to the U.S. as a whole provide reliable targets for the anqual
price cap adjustment formula, and attempts to fine-tune such a formula using short-term
changes in the input price differential will not lead to greater accuracy or larger welfare
gains. Productivity measures must be calculated—as nearly as possiblé—at the level of
aggregation of the entire firm. Because the production processes for interstate and intrastate
(or regulated and unregulated) services are not separable, attempts to calculate service-
specific productivity growth rates or to adjust total-firm TFP estimates for relative growth
rates of particular inputs are futile. Finally, though the historical price and TFP methods of
appraising past industry performance are based on the same basic economic theory and
similar assumptions, (i) the TFP-based calculation is less sensitive to violations of those
assumptions, (ii) the historical revenue approach does not have the theoretical support that
the TFP and historical price methods possess, and (iii) the historical revenue approach
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requires many additional unrealistic conditions which do not hold in the telecommunications industry.



